The availability of a food subsidy has the potential to influence the condition, behavior, fitness, and population dynamics of a species. Since the early 2000s, monitoring efforts along the coast of northern Alaska have indicated a higher proportion of polar bears (Ursus maritimus) of the southern Beaufort Sea (SB) subpopulation coming onshore to feed on subsistence-harvested bowhead whale (Balaena mysticetus) carcasses during the fall and early winter seasons. Concurrently, Indigenous communities annually hunt bowhead whale and deposit the unused remains at localized "bone piles," creating the potential for human-bear interactions. Our objective was to determine the annual number of polar bears feeding at the bone pile near Kaktovik, Alaska. Using a hair snag surrounding the bone pile, we collected hair samples to identify individual bears via microsatellite genotypes during 2011 -14. We used capture-mark-recapture data in the POPAN open-population model to estimate the number of bears visiting the bone pile. We estimated that as many as 72 (SE = 9) and 76 (SE = 10) male and female polar bears, respectively, used the bone pile located at Kaktovik, Alaska, in 2012, which represents approximately 16% of the SB polar bear subpopulation. It will be important to monitor the number of bears using the bone pile and subsequent human-bear interactions and conflicts along the northern coast of Alaska, if sea ice continues to recede.
INTRODUCTION
The ability of a species to utilize a food subsidy can greatly influence individual behavior, foraging ecology, fitness, and population dynamics (Craighead et al., 1995; Roth, 2003; Herreman and Peacock, 2013; Lyons et al., 2017) . Because of climate change, polar bears (Ursus maritimus) are experiencing rapid changes to their environment (Stirling and Derocher, 2012) . As a result of decreasing sea ice extent, an increasing proportion of polar bears from the southern Beaufort Sea (SB) subpopulation are being observed onshore during the late summer and fall in Alaska (Schliebe et al., 2008; Gleason and Rode, 2009; Atwood et al., 2016; Pongracz and Derocher, 2017) . One of the main food resources for bears onshore is the availability of subsistence-harvested bowhead whale (Balaena mysticetus) carcasses (Schliebe et al., 2008; Herreman and Peacock, 2013; Atwood et al., 2016; Wilson et al., 2017) . Indigenous communities along the coast of northern Alaska annually harvest bowhead whales and deposit unused remains onshore at local bone piles, which are composed of unused trimmed blubber, meat, and bones (Ashjian et al., 2010) . Bowhead whale bone piles are located in Alaska near Cross Island (~147˚ W; north of the Prudhoe Bay and Kuparuk oil and gas fields), the community of Kaktovik (~143˚ W), and at Utqiagvik (~157˚ W) until 2012. Bone piles constitute a persistent and reliable marine food subsidy for polar bears since they are available each year at the same locations. Analyses suggest that scavenged bowhead whale remains could constitute a large proportion (e.g., 50% -70% of adult female fall diet) of some SB polar bear diets (Rogers et al., 2015; McKinney et al., 2017) , which can affect population dynamics if the behavior is widespread. Therefore, it is important to understand the annual usage of this marine food subsidy for conservation and management purposes.
Summer sea ice conditions in the Arctic have progressively changed in recent decades (Serreze and Stroeve, 2015) . From 1979 to 2014, the spatial extent of Arctic sea ice in September (when sea ice reaches its annual minimum) has declined by 13.3% per decade because of warming temperatures (Serreze and Stroeve, 2015) . Over the same period, the duration of the openwater season (i.e., the period of time when sea ice is mostly absent from continental shelf waters) has increased at rates of 14.8 and 15.5 days per decade Arctic-wide and for the SB, respectively, which indicates the SB subpopulation is experiencing one of the most rapid rates of sea ice loss across the species' range (Stern and Laidre, 2016) . Polar bears in the SB subpopulation have historically spent the majority of the year on the sea ice (Amstrup et al., 2000) , which they rely on for access to their primary prey (ringed [Pusa hispida] and bearded [Erignathus barbatus] seals), long-distance movements, mating, and some maternal denning (Amstrup, 2003) . However, recent research in the SB found that the estimated proportion of bears observed onshore increased from 5.8% during 1986 -99 to 20.0% during 2000 -14 (Atwood et al., 2016) . Atwood et al. (2016) found trends of earlier arrival onshore, increased length of stay while onshore, and later departure back to the sea ice, all of which were associated with declines in the availability of sea ice habitat over the continental shelf and changes to sea ice phenology. Furthermore, research suggests that onshore behavior appears to be transmitted via social learning from mothers to their offspring, indicating that seasonal land use and scavenging of bowhead whale remains by SB bears may be behavioral modifications in response to environmental change (Lillie et al., 2018) .
The bone piles in Alaska are near settlements and oil exploration and extraction infrastructure, which increases the risk of human-bear interactions and conflict. Humanwildlife conflicts can have broad consequences, such as negatively impacting wildlife populations, altering the structure of ecosystems , and endangering public safety . Towns et al. (2009) found that an increase in human-polar bear interactions in Churchill, Manitoba, was associated with an increase in the length of the ice-free season and declines in bear body condition. As of the most recent population assessment, the SB subpopulation is considered to be in decline (Bromaghin et al., 2015) . Polar bear land use and anthropogenic activities along Alaska's Beaufort Sea coast (including industrial development and tourism) are both likely to increase (Gautier et al., 2009; Raynolds et al., 2014; Rode et al., 2018) and will exacerbate conservation and management challenges, as well as escalate the risk for human-polar bear conflict in this region. In light of these management concerns, it will be important to better understand the potential for fitness benefits of supplemental feeding. For example, a recent study found that consumption of bowhead whale remains in fall was associated with improved body condition in spring . However, land use may also increase the probability of exposure to certain pathogens , as polar bears feeding at bone piles overlap in space and time with species associated with terrestrial and near-shore habitats, such as Arctic fox (Vulpes lagopus), grizzly bear (Ursus arctos), glaucous gull (Larus hyperboreus), and raven (Corvus corax). Whether bears derive a fitness benefit from feeding on bowhead whale remains will likely be an important consideration for informing management decisions regarding the efficacy and safety of future supplemental feeding.
Our objective was to use genetic mark-recapture techniques to determine the number of SB polar bears using the bone pile near Kaktovik, Alaska, over a four-year period (2011 -14) . We collected hair samples using a hair snag surrounding the bowhead whale carcasses to identify individual bears. We used the open-population model POPAN (Schwarz and Arnason, 1996) to estimate the number of bears that visited the bone pile.
STUDY AREA
The SB subpopulation extends from Icy Cape, Alaska, USA, (70.3˚ N, 161.9˚ W) in the west, to Tuktoyaktuk, Northwest Territories, Canada, (69.4˚ N, 133.0˚ W) in the east. We collected data in Kaktovik, Alaska (Fig. 1) , which is a community of approximately 300 inhabitants along the coast of the southern Beaufort Sea. Indigenous people annually harvest bowhead whales during the fall and deposit any unused whale remains on a spit, approximately 2 km northeast of the village. The bone pile is located in the same geographic region each year. Published accounts of polar bears observed feeding at the bone pile date back to 1986 (Amstrup et al., 1986) . Since the beginning of documented bowhead whale harvesting in Alaska (1964), two to four whales have been harvested annually at Kaktovik, with few exceptions, since 1989 (Koski et al., 2005) . Each year of the study, whalers harvested three bowhead whales in the fall (Suydam et al., 2012 (Suydam et al., , 2013 (Suydam et al., , 2014 (Suydam et al., , 2015 . Harvested whales ranged in length from 6.6 m in 2011 (Suydam et al., 2012) , to 14.3 m in 2012 (Suydam et al., 2013) , with an average length of 10.1 m (Suydam et al., 2012 (Suydam et al., , 2013 (Suydam et al., , 2014 (Suydam et al., , 2015 .
METHODS

Data Collection
A hair snag was deployed in Kaktovik, Alaska (e.g., Herreman and Peacock, 2013 ) each fall of the study (2011 -14) , to collect hair samples for genetic identification. Collection of hair samples continued through the fall and winter each year during the following periods: 15 September 2011 to 9 December 2011 (85 days); 13 October 2012 to 27 February 2013 (137 days); 8 October 2013 to 20 January 2014 (104 days); and 13 September 2014 to 17 November 2014 (65 days). The hair snag was a barbed wire corral consisting of a single, continuous strand of fourpoint, 12-gauge barbed wire, attached by bailing wire or fence clips to metal t-posts at a height of 0.65 m. Each post was spaced approximately 10 m apart and pounded into the gravel at a minimum depth of 40 cm. The corral was erected around the bowhead whale carcasses, enclosing an area of approximately 300 m 2 . The hair snag was checked daily for the first four days of sampling. After the first four days, the snag was checked at least weekly to maintain the wire's integrity. We collected samples by plucking hairs from a single barb and putting them inside a small paper envelope. Samples were not collected if a single barb had large quantities of hair since it could have come from more than one individual. We collected only one sample within a 0.75 m section of fence to avoid collecting multiple samples from a single crossing event. All remaining, uncollected hairs were removed via plucking or burning with a gas torch. The samples were air-dried and stored at room temperature until DNA extraction. 
Genetic Identification
Hair samples were genotyped at 20 microsatellite loci and a ZFX/ZFY sex identification marker by Wildlife Genetics International (Nelson, British Columbia, Canada) using methods and primers described in detail by Paetkau (2003) and Kendall et al. (2008) . The DNA was extracted using a Qiagen DNeasy kit (QIAGEN Inc., Valencia, California, USA) per the manufacturer's instructions. Initially, the DNA extracts were amplified at 11 hypervariable microsatellite markers to identify individual polar bears: G1A, G10B, G10C, CX110, G1D, G10L, G10M, MU59, G10P (Paetkau and Strobeck, 1994; Taberlet et al., 1997; Proctor et al., 2002) , and G10H and G10J (GenBank accession numbers U22086.1 and U22087.1, respectively). A minimum of 10 guard hair roots were used to extract DNA if available, or up to 30 whole underfur hairs if needed to supplement guard hairs. DNA extracts that were amplified at < 11 loci were considered unsuccessful and excluded from further analyses. After individual polar bears were identified, each individual was amplified at an additional nine markers including a sex-linked locus: MSUT-2, CPH9, CXX20, MU50, MU51, G10X, CXX173 (Ostrander et al., 1993; Paetkau et al., 1995; Taberlet et al., 1997; Kitahara et al., 2000; Proctor et al., 2002; , and 14RENP07 and G10U (GenBank accession numbers AJ411284, and U22092.1, respectively). Samples were amplified at an additional nine markers to enable other types of analyses (not included in this study) as part of the ongoing genetic data collection of the SB subpopulation.
Capture-Recapture Analysis
We estimated the number of SB polar bears that annually visited the Kaktovik bone pile using a capture-recapture analysis in Program MARK 8.1 (White and Burnham, 1999; Cooch and White, 2017) . A preliminary analysis conducted with Program CloseTest revealed that bears visiting the Kaktovik bone pile did not represent a closed population (Stanley and Burnham, 1999) , so we used the open-population model POPAN (Schwarz and Arnason, 1996) in subsequent analyses. The POPAN model is a parameterization of the Jolly-Seber model that assumes the individuals sampled represent a portion of a larger super-population (Kendall, 1999) , which is consistent with a similar modeling effort for the same subpopulation of polar bears conducted by Herreman and Peacock (2013) . Inadequate data prevented us from using an open robust design (i.e., the multi-state open robust design model constrained to have a single state).
We conducted separate analyses for each year of our study : 2011, 2012, 2013, and 2014 . Thus, we produced individual capture histories for each polar bear identified in the sample set, each year. The sampling occasions were biweekly or monthly depending on changes in the frequency of use of the bone pile by bears. The POPAN model estimates abundance several ways; we used N*, which is labeled total gross abundance, survival probability of marked and unmarked animals between sampling occasions (φ), detection probability (p), and probability of entry (p ent ). N* can be thought of as either the total number of animals available for capture at any time during the study, or as the total number of animals ever in the sampled area between the first and last occasion of the study. For our study, we interpreted N* as the total annual number of individual bears that visited the bone pile. Furthermore, we interpreted the value of φ from the POPAN model as polar bear site fidelity to the bone pile from one sampling occasion to the next during the sampling period for each year. In other words, for a long-lived animal, φ in the POPAN model can be interpreted as the probability an animal remains on the study area (site fidelity), as the sampling period is short relative to lifespan. This interpretation fits for our study because the probability an individual polar bear would die over the course of the sampling period (e.g., two to five months) is low. We constructed a series of models and fit them to the capture data for each year. We used every possible combination of models in which p, p ent , and φ were held constant (.) or were allowed to vary by sex (s) and time (t), and N* was estimated separately by sex (s). We ran all possible combinations of models because we did not know a priori which models would be biologically reasonable for the system. This approach follows the all-combinations strategy and model averaging generally recommended by Doherty et al. (2012) . We had 64 a priori models total for all years. For each year, we estimated over-dispersion (ĉ) to determine goodness-of-fit of the global POPAN model that converged well {φ(s*t)p(s*t)p ent (.)} by using Program RELEASE. Program RELEASE performs a series of chisquare tests to evaluate model fit, with ĉ estimated as χ 2 /df, where χ 2 is the sum over all chi-squared tests and df is the sum of the degrees of freedom.
We used Akaike's information criterion corrected for small sample size (AIC c ) to rank the models and assign model weight (Burnham and Anderson, 2002) . When ĉ was above 1, we used quasi-AIC c (QAIC c ) for model selection and ĉ to inflate variances of parameter estimates (Burnham and Anderson, 2002) . Lastly, to properly account for model uncertainty, the annual N* estimates of bears visiting the bone pile were obtained by model averaging, in which each model contributed to the final estimate according to its AIC c or QAIC c model weight (Burnham and Anderson, 2002) . However, because our model set contained models wherein φ and p or p ent and p, and potentially φ and p ent were confounded [e.g., φ(t)p(t)p ent (.) or φ(.)p(t)p ent (t)], and this confounding could result in biased estimates of N*, we deleted all models with confounding from the model set we used for model averaging.
RESULTS
We collected 1477 hair samples over the four-year study, of which 1032 were successfully genotyped. We genetically identified 158 individual polar bears across the study (77 males and 81 females). We identified 74 bears (42 males and 32 females) in 2011, 105 bears (51 males and 54 females) in 2012, 23 bears (15 males and 8 females) in 2013, and 41 bears (22 males and 19 females) in 2014. Estimates of ĉ were less than 1.0 for all years, suggesting no overdispersion and no lack of fit (range 0.60 -0.84). Therefore, we used AIC c model selection for POPAN models. We estimated all parameters from the POPAN model with model averaging (Table 1) . Low sample size prevented us from obtaining parameter estimates (N, φ, p, p ent ) for 2013. Based on the capture-recapture analysis, we estimated that as many as 72 (SE = 9) and 76 (SE = 10) male and female polar bears, respectively, used the bone pile located at Kaktovik, Alaska, in 2012. We estimated a low of 26 (SE = 3) males and 26 (SE = 6) females used the bone pile in 2014 (Table 2 ). We found that p, φ, and p ent were similar across all years for males and females (Table 2) , which indicated similar usage of the bone pile by both sexes.
DISCUSSION
Our estimates (Table 2) indicated that a range of approximately 6% -16% of the subpopulation visited the bone pile using the most recent subpopulation estimate of ~900 bears in 2010 (Bromaghin et al., 2015) . We obtained similar estimates for the proportion of males and females visiting the bone pile across all years. As well, we found that males and females had moderate site fidelity to the bone pile, while the probability of a bear entering the study site during a given sampling occasion was low (Table 2) . Collectively, our estimates of φ suggested that approximately 50% -70% of individual polar bears remained at the bone pile throughout the fall and early winter, and the low p ent suggests most bears were present on the bone pile at the start of the sampling period. Our estimated proportion of SB bears that used the bone pile in 2012 is similar to a previous estimate of bears that used a different bone pile-near Utqiaġvik (formerly Barrow, Fig. 1) , Alaska-during the winter of 2010 -11 (Herreman and Peacock, 2013) . Herreman and Peacock (2013) estimated that approximately 15% of the SB subpopulation used the Utqiaġvik bone pile using the subpopulation estimate of 1526 bears from 2006 (Regehr et al., 2006) . The number of bears onshore appears to be related to sea ice conditions (Atwood et al., 2016) . Hence, we suspect that the number of polar bears visiting the bone pile likely fluctuated among years because of other factors (e.g., sea ice conditions and quantity of subsistence-harvested whale remains).
The capture-recapture assumption that individuals are independent may have been violated because we were unable to identify and eliminate dependent cubs from the dataset. This violation would result in variance estimates that were biased low (i.e., the precision of N* may be overestimated; Boulanger et al., 2004). In addition, our N* estimates may be biased low because some bears in the population might be excluded from the bone pile by dominant bears and some might have visited the bone pile outside of the sampling period. Another way N* could be biased low is if there were heterogeneity in capture probabilities, but we did not detect over-dispersion in the datasets (i.e., ĉ was < 1). Lastly, there was a possibility that some bears fed on bowhead remains outside of the hair snag perimeter. Shares of the whale are left in the open for a short amount of time (a day or two) near the butchering site before they are delivered to residences. There is also some diversionary feeding of bears by whalers that occurs during the butchering process. So, in short, there are opportunities for bears to feed on small amounts of whale remains outside of the hair snag. However, we assumed the majority of these bears also visited the bone pile.
Hair snags have the potential to be important tools for monitoring the occurrence of SB polar bears on land and have the benefit of being less costly and invasive than live-capture procedures. Although live-capturing of polar bears provides meaningful and necessary information for conservation and management purposes (Bromaghin et al., 2015; Atwood et al., 2016; Pagano et al., 2018) , sampling polar bears using hair snags can be readily used to enhance our knowledge and supplement sample sizes (i.e., genetic marks), as demonstrated by this and previous studies (Herreman and Peacock, 2013; Lillie et al., 2018) . We recommend that data continue to be collected at the Kaktovik bone pile for additional years with the goal of using other genetic capture-recapture models (e.g., multistate open robust design), which can accurately separate estimates of true annual survival from fidelity.
We found that a maximum estimate of 16% of the SB polar bear subpopulation visited the bone pile near Kaktovik, Alaska. Collectively, this and the Utqiaġvik study (Herreman and Peacock, 2013) indicate the importance of whale remains across the North Slope of Alaska as a large proportion of the SB subpopulation made use of the bone piles.
Polar bears that feed at the Kaktovik bone pile are close to a human settlement, which creates the potential for human-bear interactions and conflicts. A second bone pile location available to SB polar bears at Cross Island, Alaska, is also close to human settlements (i.e., the Prudhoe Bay and Kuparuk River oil fields). It is widely understood that the chronic consumption of human-provisioned food and resultant food conditioning of consumers enhance the risk of human-wildlife conflict (Hopkins et al., 2012; Herrero, 2018) . The Arctic is expected to continue to warm (Larsen et al., 2014) , thus we expect polar bears will become more reliant on subsistence-harvested bowhead whale carcasses, which will then likely result in more food-conditioned bears. If human-bear conflicts increase and are found to be associated with polar bears using bone piles, we suggest evaluating the advantages and disadvantages of providing polar bears with access to bone piles, or dispersing whale remains over a broader area away from communities (e.g., Wilson et al., 2017) . Previous studies on grizzly and black bears (Ursus americanus) found that human-bear conflicts markedly decreased when bear access to anthropogenic food sources (e.g., garbage) was essentially eliminated, though loss of access to an important food subsidy can adversely affect population dynamics (Gunther, 1994) . Onshore behavior appears to develop through social learning from mother to offspring (Lillie et al., 2018) . Thus, properly managing polar bears (mother and cubs in particular) that visit the bone pile will be necessary if human-polar bear conflict arises. Managing the risk of human-polar bear conflict resulting from bears visiting the bone pile may require collaboration between resource managers and the community, along with regular monitoring for the potential of adverse populationlevel effects. TABLE 2. Model-averaged estimates from the POPAN model of the annual number of female and male polar bears (N) using the bone pile near Kaktovik, Alaska, detection probability (p), entry probability (p ent ), site fidelity (φ), and standard errors (SE) for 2011, 2012, and 2014. We averaged across the sampling occasions for each year for p, p ent , and φ. Only models without any confounding parameters were used for model averaging. 
